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Qptoelectronic Devices 



This invention relates to optoelectronic devices, such as Ught emitting diodes and other 
semiconductor light sources. 

There are several known types of semiconductor light sources. For example, iip-n junction 
diode, when forward biassed, can be made to emit visible Ught by appUcation of an energy 
source, and is known as a Ught emitting diode or LED. The radiation has a broad spectrum 
and is spontaneous and non-coherent, and is due to the recombination of electrons and holes 
which occur when conduction band electrons are captured by valence band holes. 

The production of Ught in semiconductor devices, such as an LED, usually requires an 
efacient optical system to provide for maximum extraction of light from the active region 
within the semiconductor, and it is well known to provide, for example, an optical coupling 
system consisting of abundle of optical fibres, one end of which is placed in close proximity 
to the active region or Ught emitting surfece of the device to extract Ught therefrom. 

The efficiency and operation of such semiconductor Ught sources is adversely affectedby an 
■increase in temperature, i.e. it is desirable to maintain the temperature rise of the activedevice 
below a critical temperature. However, the appUcation of an electrical energy source to the 
active device leads to an inevitable rise in temperature of that device. In other words, the 
physical process of Ught production is accompanied by the electrical energy which is 
dissipated as heat, and this heat must be removed effectively in order to avoid the device 
overheating which would result the efficiency of the Ught generation process being degraded 
and possibly the reduction of the operating Ufetime of the device due to some heat-related 
failure mechanism. 

It is weU known to mount the active device on a heat sink formed of a highly tiiermally 
conductive material, such that heat flows down from the active device into tiie heat sink, 
thereby drawing unwanted heat away from tiie active device to cool it and maintain its 
temperature within design limits. 
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However, there are two primary disadvantages associated with this method of heat removal, 
which limit the amount ofheatthatmay be safelyremoved from the active device. Firstly, the 
thermalresistanceoftheoveraU arrangement isrelativelyhighbecauseheatis required to flow 

ftom the active region of the device (which is generally provided at the upper surfece of the 
device, through the substrate on which the active region is formed to the heat sink, the thermal 
conductivity of the substrate material generally being substantially lower lhan that of the heat 
sink material, which is usually copper. Secondly, the transient response is low (i.e. there is 
a considerable delay between the heat bdng generated and that heat bemg drawn away from 
thedevice). Thislowtransientresponseisnotonly due to the above-mentioned relatively high 
themial resistance, but also due to the high themial capacities of the substrate and the heat sink 
in combination. 

A cooling mechanism that has, in recent years, been introduced to the field of cooling 
semiconductor devices is the heat pipe. In a heat pipe heat may be appUed atalocaHsed area, 
or evaporator, where the working fluid in the chamber is vaporised absorbing the latent heat 
of vaporisation. The v^our then flows due to a smaU pressure gradient, to the opposite side 
where it condenses and gives up the latent heat of vaporisation. A wick structure along the 
wall of the heat pipe provides capillary pumpmg for the Uquid to return to the evaporator 
region thus completing the cycle. This phase change process will cause the condenser side to 
be nearly isothermal while spreadmg the energy from the heat source uniformly over the base 
of the heat smk. Heat pipes have superior heat transfer characteristics compared to more 
conventional heat removal arrangements, and have been found to be an exceUent means to 
remove unwanted heat from semiconductor devices generally. However, known heat pipes 
are obviously not suitable for use on the Ught output side of semiconductor Ught sources, 
because they are opaque and would block the light ou^uL 

Thus, there are two primary considerations in respect of semiconductor Ught sources, that of 
efficient Ught extraction and that of effective heat removal from (or cooUng of) the active 
device. 
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We have now devised an airangement wHch overcomes the problems outlined above and 
achieves theobjectoftheinventionwhichis to provideasemiconductorUght source in which 

efficient Ught extraction and effectiveheatremoval is acWeved. Thus in accordance with the 
present invention, there is provided a heat pipe for use in extracting heat from a 
semiconductor Hght source having an active region, the heat pipe comprismg a transparent or 
translucentmemberofthermallyconductivematerialanddefininganopticaltransmissionpath 

th^ethrough. the heat pipe being adapted to be located proximate to the active region of the 
semiconductor device to extract heat, when in use. 

Tlxepresent invention extends toasemiconductorUght source including an acti^ 
having a heat pipe as defined above located proximate to said active region. 

Thus, the heat pipe of the present invention is made of a transparent or translucent material, 
andhasarefractiveindexorrefractiveindex combination whichfadlitatesthepassageofUght 

from the active region where it is g^erated. 

Hxe heat pipe of the present invention has a number of advantages. Firstly, the effective 
themialconductivityofaheatpipeis very large andsignificantly greater thanthatofacopper 

(or similar)heat sink, suchthattemperaturerises are substantiaUy lower thanin^^^ 

semiconductor light sources. Secondly, the heat generated in tiie active region of the device 
canbe removed directly from thesurfacethatisemittingUght, in addition(or as analtemative 

to) heat removal through the substrate. Thirdly, tiie transient response of llie overall system 
including the heat pipe of tiie present invention is substantially improved because the heat 
transport function is dependent on the rate of vapour movement and not on the rate at which 
heatflowsthroughtiiesubstrateandheatsinkcombinationof theprior art. FinaUy. the heat 
pipe of tiie present invention has tixe significant advantage of permitting tiie passage of tight 
tiieretiirough such tiiat it is suitable for use witii a semiconductor tight source. 

The optical transmission patii is preferably provided by means of a chamiel which runs 
tim)ugh tiie heat pipe. In one preferred embodiment of tiie invention, tiie channel is arranged 
to receive optical transmission means. 
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TTiettansparentortransluceatmember preferably comprises ahoUowpipe (which canbe any 
closed shape, not necessarily cylindrical) with sealed ends and is made of any suitable 
thermally conductive transparent or translucent material having tiie required mechanical 
strength for the application. A heat pipe is generally at least partially filled with a cooling 
fluid, such as water,deionisedwater,orany other suitableworkingflTHdCwhichmaybeplaced 

under a partial vacuum so as to lower the boiling point of the Uquid). In use, the water in flie 
end ofthe heat pipe which isclosest to the active region is heated by theheat produced by the 

active region during operation of the device, until it is vaporised, at which point it rises to the 
cool side ofthe heat pipe (thus the heat is transported away fiom the active region as latent 
heat within the vapour), where it condenses and returns to the hot end of the heat pipe. The 
condensedUquidmay be carriedbacktothehotendoftheheatpipeby gravity. Alternatively 

or in addition, a wick or similar material which transports liquid by capillary action may be 
provided.mwhich case thecondensedUquidis carried back to the hot endoftheheatpipeby 

capillary forces in the wick. 

In one preferred embodiment ofthe invention, the heat pipe defines a channel therethrough, 
in which is disposed a bundle of optical fibres or the like, said optical fibres being 
substantially circular in cross-section, the gaps between said optical fibres defining capillaiy 
channels by means of which heated coolant fluid (whether Uquid or vaporised) can be 
transported towards the cool end of the heat pipe, andby means of which the condensed Uquid 
canbe transported from the coolend of the heat pipe back to the hot end(closest to the active 

region ofthe device). Thus, in one embodiment of the invention, a bundle of optical fibres 
placed in close proximity to the Ught emitting surface of a semiconductor Ught source would 
not only act as a Ught guide but, if made part ofthe heat pipe system, would allow (or at least 
aid) swift andeffectiveheat removal whenthecoolantfluid(whichisbeneficiallytransparent) 

contained in the heat pipe is vaporised, and also return ofthe condensed fluidback to the cool 
end ofthe heat pipe. In another embodiment, a conventional wick structure of transparent 
material could be used. 

An embodiment ofthe presaxt invention wiU now be described by way of example only and 
with reference to the accompanying drawings, in which: 



Figure 1 is a schematic diagram of a semiconductor Ught source including a heat pipe in 
accordance with the present invention; 

Figure 2 is a schematic diagram iUustrating the capillary chamiels created between the fibres 
of a bundle of optical fibres for use in an exemplary embodiment of the present invention 

Figure 3a is a schematic cross-sectional view of a heat pipe according to a first exemplary 
embodiment of the inventioi^ and 

Figure 3b is a schematic cross-sectional view of aheatpipe accordingto a second exemplary 
embodiment of the invention- 

ReferringtoFigurelofthedrawings,asemiconductor Ught source accordingto theinvention 
comprisesaUghtemittingsemiconductordevicelOhavinganupper surface 12tiiatemitsUght 

and a lower surfece 14. The device 10 is mounted (at its lower surface 14) on a heat smk 16. 
made of, for example, copper or aluminium. Located on the upper surface 12 of the device 
10 is a heat pipe 1 8 comprising a sealed member of transparent or translucent matenal havmg 
awick 20 disposed down the sides and along the bottom thereof. The wick 20 maybeof any 

suitable material capable of transporting liquid along it by means of a capillary action. 

The heat pipe 18 is partially filled with a liquid (preferably transparent, such as water or de- 
ionised water or the like). 

In use Ught can be extracted from the active region of the device 10 via tiie heat pipe 18, 
whicMstransparent(oratleasttranslucent)innature.Atthesametime.heatgeneratedby&^ 

active region (because of die continuous or intermittent electical energy appUed thereto) is 
transmitted to tiie heat pipe 18 (via the upper surfece 12 of the device 10). which heats the 
Uquidin tiieheatpipe 18. The Uquidis vaporised andrisestoward1hetopoftheheatpipel8 

(which is relatively cool), where it condenses and retims by means of gravity (and tiie wick 
20) to tiie lower (hot) end of flie heat pipe 18. In one embodiment of flie present invention, 
a condenser 22 is provided at tiie upper (cool) end of tiie heat pipe 1 8 to speed up tiie process 
of condensmg tiie coolant fluid witiiin tiieheatpipe 18. However, in anotiier embodiment, 
heat may simply be removed by convection firom tiie surface of tiie heat pipe. 



Thus flu, h«t pipe of the present uivendon provides aa optical ooupliBg sy^m which also 
,«noves heat direcfly ftom suAce of flie device close to tt>e active region usmg a 

transparent heat pipe. 

bapraferxed embodiment of the present invention, andref^ringto Figure 2 of fl.edraw.gs. 
abundleof optical fibres 30areprovidedwianntheheatpipel8.Theopticalfibresobviously 

provide a more efficient optical transmission means for extracting tire tight generated by the 
active region of fl» device 10. However, in addition to this, tire gaps 32 created between fl« 
optical fibres 30 inflrebundleprovideaneffident capillary action wifltoflreheatp.pel8for 

ttanspor. of vapour to the cool end of fl.e pipe 18 and (more importantly) fbr transport of 
condensed coolant to fl« hot end of the pipe 18. K is weU known that a geometry which 
provides efficient capillary action consists of one or more holes wiflr sharp com«s (Are more 
acuteflre angles, fl.e greater tire capillary action). wUchisachievednaturallyinflreinterstices 

betwe«r the substantially circular optical fibres 30, as showninFigure 2 of tire drawmgs. It 
will be wreciated fl«. Are capillary forces acting in tire gaps 32 will be relatively strong. 
providedflMt a» dimensions are suitably small. The optical fibres 30 maybe provided so as 
to substantially fillfl.echamreldefinedbya»>pipe 18.inwhichcase cooling fluidmay have 
U. flow in boflr directions dong the gaps 32 provided between tire fibres. Alternatively. 
however.flrefibres30mayonlypartiallyfintirecham,el(fl.eym^,ferexample.beprov,ded 

around tire imrer periphery of tire pipe 18. in which case a large gap is left which 
v,oris«lcoolingfluidcanber^idlyandeffectivelytransportedawayfi»mflreli^«mttmg 

surface. 

Embodiments of the present invention have been described above by way of examples only, 
and it WiU be apparent to a person skilled in are art flrat modifications and variations can be 

naade to the described embodiments, without departing flx.m fl» scope of Are invention as 
defined by the appended claims. 
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CLASMS: 

1 A heat pipe for use in retracting heat ftom a semiconductor Ught source having an 
active region, the heat pipe comprising a transparent or translucent member of 
thennaUyconductivematerialanddefininganopticdtransmissionpathlhereto^ 

the heat pipe being adapted to be located proximate to the active region of the 
semiconductor device to extract heat, when in use. 

2. Aheatpipeaccordingtoclaimlwhereinsaidopticaltransmissionpathisprovided • 
by means of a channel which runs through the heat pipe. 

3. Aheatpipeaccordingtocla3m2.whereinsaidchannelisaxrangedtor^^^ 
transmission means. 

4. Aheatpipe««onJingtoanyo«»otlheprec«Jmgclairn..wherdn&.«^ 
tomslu«mt member comprises a hoUow pipe with sealed ends. 

5 Aheatpipe«»<»dingtoanyoneoffl»precedingcIaims.atleastpaitiaUyfflledw^^ 
a cooling flmd. such as water ddomsed water (or any oflKr suitable working flmd). 



A heat pipe 
vacuum. 



according to daimS.whcreinsaidcoolingfluidisplacedunderapartial 



7. Aheatpipeaccordii«toanyoneoffteprecedingclaims,whichtranspor.sUq«idby 
capillary action. 

8. Aheatpipeaccordingtoclaim2orclaim3.wberdnabundleofopticalfibresorthe 

like is disposed in said channel. 



11. 
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? Aheatpipeaccotdingtoclaim8.whereinsaidopticalfibresaresubstantiaUyc^^^^ 

in cross-section, the gapsbetv.eeasddoptical fibres defining capillary c^^^^ 
meansofwhichheatedcoolantfluid(whe1herhquidorvaporised)canbe transported 

towards the cool endoftheheat pipe, and by meansofwhichcondensedUquid can 
be transported from the cool end of the heat pipe back to the hot end (closest to the 
active region of the device). 

10 A heat pipe according to claim 9, wherein said optical fibres are located aronnd the 
periphery of liie heat pipe such that a chamxel is defined through the centre of the 
pipe, by means of which coolant fluid (whether Uquid or vaporised) can flow. 



A semiconductor Ught source including a heat pipe according to any one of the 
preceding claims. 



12. A s«diconductor light some, according to claim 10. including a ooiKie^ 

13. A heat p^esob^aUy as h«dn described with reference to the accon^anying 
drawings. 

14. A semiconductor Ught source substantially asher«n described wilh reference to the 

accompanying drawings. 
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ABSTRACT 

nptoelectr nnic Devices 



AHghternittingsemiconductordevice(10)momtedonaheatsirfc(l^ 

(18) located on its upper surfece (12). The heat pipe (18) comprises a sealed cylmdncal 
nxemberoftranspareixtortrar^luceatxnaterialhavingawick(20)disposed 
alonglhebottomthereof. The heat (18) is partially filled with a Uquid which is placed under 
apartialvacuumtoreduceitsboilingpoint Abimdleof optical fibres (Figure 2-30) may be 
provided within the heat pip6 (18), with the gaps (Figure 2-32) created between the optical 
fibres (Figure 2-30) providing an efficient capillary action within the heat pipe (18) for 
transport of vapour to the cool end of the pipe (18) and for transport of condensed coolant to 
the hot end of the pipe (18). 



[Figure 1] 



